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Description 



HYBRID VEHICLE POWERTRAIN WITH 
IMPROVED REVERSE DRIVE 
PERFORMANCE 

Cross Reference to Related Applications 

[0001] This application is related to U.S. application Serial No. 

10/605,313 filed September 22, 2003, by Ming Kuang et 
al. entitled "A Controller And Control Method For A Hybrid 
Electric Vehicle Powertrain" and U.S. application Serial No. 
10/605,309, filed September 22, 2003, by Ming Kuang et 
al. entitled "Control System for a Hybrid Electric Vehicle 
Powertrain". Those applications and the present applica- 
tion have a common Assignee. 
Background of Invention 



[0002] 
[0003] 



1. Field of the Invention 



The invention relates to a hybrid electric vehicle power- 
train having an internal combustion engine and an electric 
motor/generator and battery sub-system, which are inde- 



pendent power sources for powering vehicle traction 
wlieels. At least one power flow path is established be- 
tween each power source and the traction wheels through 
transmission gearing. 
[0004] 2. Background Art and Discussion of a Known Hybrid 
Powertrain 

[0005] U.S. Patent 6,407,521 and 6,427,794 disclose hybrid ve- 
hicle powertrains having a motor/generator and an inter- 
nal combustion engine, which function in cooperation 
with a planetary gear unit to define multiple power flow 
paths. The engine and the motor/generator provide paral- 
lel power delivery through the gear unit during one oper- 
ating mode. The motor/generator can be used to estab- 
lish a power flow path independently of the engine as the 
engine is declutched from the torque delivery path. 

[0006] U.S. Patent 6,176,808 discloses a hybrid powertrain 

wherein an engine and an induction motor act in parallel 
power flow paths and wherein the engine can be de- 
clutched from the powertrain. The induction motor pro- 
vides torque to complement engine torque during vehicle 
acceleration. It also can be clutched to the engine 
crankshaft to permit engine starting. 

[0007] In the copending patent application identified above, the 



disclosure of which is incorporated herein by reference, 
the planetary gear unit provides a mechanical power flow 
path between a generator and an engine. A separate mo- 
tor acts as a secondary power source. The motor may act 
as a series power source or it may function in cooperation 
with the engine to establish split power delivery paths 
through the planetary gear unit. Further, the generator 
may function as a motor in a purely mechanical torque 
flow path through the planetary gear unit with the engine 
decoupled from the powertrain. 
[0008] In the case of the hybrid transmission of the copending 
patent application, the planetary ring gear is connected 
directly to the output torque delivery shaft through a set 
of fixed ratio gears. This makes it possible for torque to 
be distributed from the planetary gear set to the vehicle 
traction wheels during forward drive. To establish reverse 
drive, it is necessary to use the electric motor as a torque 
source since the engine is effective to deliver driving 
torque through the planetary gearing only in the forward 
drive mode. 

[0009] If the state-of-charge of the battery during reverse drive 
is below a desired level, operation in reverse drive must 
be severely restricted in order to protect the battery. If an 



attempt is made to charge the battery by operating the 
engine to create generator power for charging the battery, 
the reaction element of the planetary gear unit (which in 
this instance is the ring gear) would be subjected to reac- 
tion torque that must be overcome by the electric motor 
in order to achieve reverse drive. This limits reverse drive 
performance for the hybrid electric vehicle. 
Summary of Invention 

[0010] The hybrid electric vehicle powertrain of the present in- 
vention includes an internal combustion engine and an 
electric motor, together with an electric generator and a 
storage battery, wherein a power delivery path is estab- 
lished as the engine drives the generator. The generator, 
in turn, charges the battery as the motor is supplied with 
power from the battery during reverse drive. 

[0011] A geared transmission establishes plural power delivery 
paths between the engine, the motor, and the vehicle 
traction wheels. The transmission includes a clutch, which 
can isolate the gearing from the power output portion of 
the power transmission mechanism so that the engine can 
drive the generator. 

[0012] The transmission is capable of functioning as an engine 
starter-torque flow path for cranking the engine without 



the need for the motor to supply reaction torque to the 
generator during engine starting as the generator acts as 
a motor. 

[0013] In carrying out the foregoing functions, the transmission 
gearing includes a first torque input element connected 
drivably to the engine and a second torque input element 
drivably connected to the motor. The generator is con- 
nected to a third element of the gearing, and a reaction 
brake anchors a first reaction element of the gearing as 
the engine drives the electric generator in a forward 
power delivery mode and the motor drives the vehicle 
wheels through the gearing. When the powertrain acts in 
this power delivery mode during forward drive, electric 
motor power complements engine power. 

[0014] During reverse drive a clutch, located between the electric 
motor and gear elements of the geared transmission, is 
released to condition the powertrain for reverse drive op- 
eration. The engine then drives the generator to charge 
the battery through a power flow path that is isolated by 
the clutch from the reverse drive power flow path. The di- 
rection of rotation of the motor armature is reversed at 
that time. 

[0015] The hybrid electric vehicle powertrain of the present in- 



vention makes it possible to eliminate the effect of the 
ring gear reaction torque of the design of the copending 
patent application during reverse drive by interrupting a 
mechanical connection between the ring gear and the 
gearing at torque output portions of the powertrain. 
Brief Description of Drawings 

[0016] Figure 1 is a schematic representation of a hybrid electric 
vehicle powertrain of the kind disclosed in the previously 
identified copending patent application. 

[0017] Figure la is a block diagram of the elements of the pow- 
ertrain of Figure 1 illustrating the power flow paths be- 
tween the elements. 

[0018] Figure 2 is a schematic representation of a powertrain that 
employs the features of the present invention. 

[0019] Figure 3 is a schematic representation of an alternate em- 
bodiment of the powertrain of the present invention. 
Particular Description of the Invention 

[0020] The powertrain illustrated in Figure 1 is a power-split hy- 
brid electric vehicle powertrain, which includes a trans- 
mission, an internal combustion engine 10 and an electric 
motor 12, typically a high voltage induction motor. These 
elements establish parallel power flow paths to the vehicle 



traction wheels, shown at 14. A first power flow path 
comprises a combination of the engine and a motor/ 
generator sub-system, including electric generator 16 and 
motor 12 together with battery 18, the latter functioning 
as an electric energy storing device. The engine and the 
motor/generator sub-system function with a planetary 
gear unit 20 to distribute torque through separate power 
flow paths. A second power flow path comprises the mo- 
tor 12, the generator 16 and the battery 18. 
[0021] jhe generator in a power-split hybrid powertrain of the 
kind shown in Figure 1 is driven by the engine through 
planetary gear unit 20. A mechanical power flow path is 
established between the engine 10 and the transmission 
torque output shaft 22, which delivers torque to an axle- 
and-differential assembly 24 for the traction wheels. The 
other power flow path is an electrical power flow path, 
which distributes power from the engine to the generator, 
the latter driving the torque output shaft through the 
transmission gearing. The transmission gearing, in addi- 
tion to the planetary gearing 20, includes countershaft 
gearing 26. 

[0022] When the powertrain is operated using the first power 
flow path, engine power is divided between two power 



flow paths by controlling generator speed. This implies 
that the engine speed can be decoupled from the vehicle 
speed. This results in a mode of operation that is similar 
to a continuously variable transmission operating mode 
where vehicle speed changes to not depend upon engine 
speed changes. This operating mode can be referred to as 
a positive power split. 

[0023] The powertrain also can operate in a mode of operation 
that may be referred to as a negative power split. In this 
instance, the planetary gearing is driven by the generator. 
The generator, the motor and the planetary gearing thus 
function as an electro-mechanical, continuously-variable 
transmission. A generator brake 28 can be applied to es- 
tablish an operating mode in which engine power is trans- 
mitted with a fixed gear ratio solely through a mechanical 
torque flow path. 

[0024] When the first power flow path is active, it can provide 
only forward drive propulsion since there is no reverse 
gear. The engine requires either a generator speed control 
or a generator brake to transmit output power through 
the drivetrain for forward motion. 

[0025] When the second power flow path is active, the electric 

motor draws power from the battery and provides propul- 



sion independently of the engine for driving the vehicle in 
both forward and reverse. The generator can draw power 
from the battery and drive against overrunning coupling 
or brake 30 on the engine output shaft to propel the vehi- 
cle forward. This mode of operation is referred to as gen- 
erator drive. 

[0026] The powertrain shown in Figure 1 includes a vehicle sys- 
tem controller 32, which responds to driver inputs 34, 36 
and 38. These, respectively, are the transmission range 
selection, accelerator pedal position and brake pedal po- 
sition. The desired wheel torque, the desired engine speed 
and the generator brake command are distributed to a 
transmission control module 40. 

[0027] The vehicle system controller will act on the engine and 

the motor/generator sub-system so that they function to- 
gether seamlessly as they deliver torque through the 
gearing to the vehicle traction wheels. This ensures that 
performance limits on the battery sub-system are not ex- 
ceeded. When the powertrain is operating under normal 
conditions, the vehicle controller 32 will respond to the 
driver's input commands and determine when and how 
much torque each power source needs to meet the 
driver's demand and to achieve specified vehicle perfor- 



mance, fuel economy and exhaust gas emissions levels. 
[0028] Figure la shows the possible power flow paths between 
the various elements of the powertrain in the configura- 
tion illustrated in Figure 1. When the powertrain is acting 
in a split power mode using the so-called first power flow 
path described above, the engine output power is split 
into two paths by controlling the generator mechanical 
torque flow path t u) from the engine to the carrier of 

e e 

planetary gearing, and from the ring gear of the planetary 

gearing to the countershaft gearing (tu^)). In the electric 

torque flow path t uj and t uj , torque is delivered 
g g mm 

from the engine to the generator to the motor and then to 
the countershaft gearing. 
[0029] jhe embodiment of the invention shown in Figure 2 in- 
cludes counterparts for many of the elements described 
with reference to Figure 1. It includes a generator 40 with 
a stator 42 and a rotor 44. A planetary gear system 46 has 
a ring gear 48, a sun gear 50 and a planetary carrier 52. 
The carrier is connected to the crankshaft of engine 54 
through a suitable damper assembly 56 during generator 
drive operation. The carrier is braked by a first brake, 
overrunning coupling 58, against the transmission hous- 
ing. The ring gear 48 can be braked by a second brake 60 



to provide reaction torque when the engine drives the 
generator to charge the battery. 

[0030] Rotor 44 and sun gear 50 can be braked by the bral<e for 
rotor 44 shown in Figure 2, which corresponds to bral<e 
28 shown in Figure 1, to establish a mechanical torque 
flow path between the engine and gear 64. 

[0031] During operation in the power-split, parallel operating 

mode, ring gear 48 is clutched by clutch 62 to output gear 
64, which meshes with countershaft gear 66. A second 
countershaft gear engages differential gear 68, which dis- 
tributes torque to each of the axle shafts 70 and 72. Dur- 
ing operation in this mode, motor 74 supplies torque to 
gear 76, which meshes with countershaft gear 66 to pro- 
vide parallel torque delivery to the wheels. The motor and 
the generator are electrically coupled to a battery, as in 
the system of Figure 1. 

[0032] An oil pump for the transmission is driven by oil pump 
drive gears 80 and 82 through overrunning couplings 84 
and 86, respectively. 

[0033] In the design of Figure 1, the ring gear is directly coupled 
to the motor and to the wheels through the final drive 
gearing. Mechanical power thus is distributed to the 
countershaft gearing from both the planetary gears and 



the motor. This presents a problem if there is a need to 
run the engine to charge the battery while the vehicle is in 
the reverse drive mode. In that instance, with the motor/ 
generator and battery sub-system acting as a power 
source, it is necessary in the design of Figure 1 for the 
motor 12 to generate enough power to overcome the ring 
gear torque while moving the vehicle in reverse. This ad- 
versely affects reverse drive performance. 

[0034] In contrast to the design of Figure 1, the design of the 

present invention, seen in Figure 2, provides improved re- 
verse gear performance. The addition of the clutch 62 in 
the powertrain decouples the ring gear from the counter- 
shaft gearing. Further, the brake 60 anchors the ring gear 
48. This provides a reaction point as the engine drives the 
generator to charge the battery when the motor is operat- 
ing in the reverse drive mode and the battery state- 
of-charge is lower than a desired threshold value. If the 
battery is being charged, the engine driven generator can 
supply electric power to the motor, and any excess gener- 
ated power can be stored in the battery. 

[0035] If the generator is used as a starter motor to start the en- 
gine, the brake 60 is applied, thereby providing a reaction 
torque as carrier torque is distributed to the engine 



crankshaft. There is no need for the electric motor to sup- 
ply a reaction torque to the ring gear during the engine 
starter mode as in the case of the design of Figure 1. 
[0036] In the design of Figure 2, the gear ratio between the en- 
gine and the generator, when the ring gear is grounded, is 
expressed as: 



[0037] An alternate embodiment of the invention is shown in Fig- 
ure 3. In the case of Figure 3, each of the components of 
the powertrain that have a counterpart in the design of 
Figure 2 have been designated by similar reference nu- 
merals, although prime notations are added. In the case of 
Figure 3, there are two clutches, rather than a clutch and a 
brake as shown in Figure 2. The clutches are indicated in 
Figure 3 at 88 and 90. 

[0038] When clutch 90 is engaged and clutch 88 is disengaged, 
the system works in a manner similar to the operation of 




the design of Figure 1. When the clutch 88 is engaged and 
the clutch 90 is disengaged, the ring gear and the sun 
gear are locked together so that the planetary gear ratio is 
unity. Further, the planetary gearing is isolated from the 
final drive gearing at this time. The clutch 88 directly links 
the engine output to the generator input with no reduc- 
tion ratio between them. 

[0039] During operation of the design of Figure 1 in the engine 
starter mode with the generator acting as a starter motor, 
the motor supplies reaction torque to the ring gear. This, 
in effect, directly couples the engine to the wheels 
through the gearing. Any engine torque disturbances dur- 
ing starting operations will be transmitted to the wheels. 
This would be perceptible to the driver. This disadvantage 
is avoided by the designs of Figures 2 and 3 since the en- 
gine would be decoupled from the wheels. 

[0040] Although an embodiment of the invention has been de- 
scribed and illustrated, it will be apparent to persons 
skilled in the art that modifications may be made without 
departing from the scope of the invention. All such modi- 
fications and equivalents thereof are intended to be cov- 
ered by the following claims. 



